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(54) VARIABLE VALVE LIFT DEVICE OF II^TERNAL COMBUSTION ENGINE 



(57) A variable valve lift device of an internal com- 
bustion engine is provided in which a first link amn (58) 
rotatably supported at a fixed position of an engine body 
is rotatably connected to a rocker ami (31 ), and a mov- 
able support shaft (60) rotatably supporting one end por- 
tion of; a second link arm (59) of which other end portion 
rotatably connected to the rocker ami (31 ) is connected 
to a crank member (61) formed in a crank shape having 
crank webs (61 a) sandwiching the second link ami (59) 
from opposite sides, and a connecting part (61c) inte- 
grally joining both the crank wet}s (61a) at a position 
where interference with the second link ann (59) is avoid- 
ed. The crank member (61) is rotationally driven with 
drive means. Thus, an amount of lift of an engine valve 
is continuousty changed, in addition to which, torsional 
rigidity of the crank member is ensured while ensuring 
assembly wori^ability of the second link amn to the crank . 
member, and reduction in size is made possible. 



FIG.7 




Ml } 

61 



Printed byr Jouve, 75001 PARIS (FR) 



BNSDOCID:<EP 1707765AlJ_> 



1 



EP 1 707 765 A1 



2 



Description 

TECHNICAL FIELD 

[0001 ] The present Invention relates to a variable valve s 
lift device of an internal c»mbustiori engine which con- 
tinuously changes an amount of lift of an. engine valve 
that is an intake valve or an exhaust valve. 

BACKGROUND ART io 

[0002] A valve operating system in which one end of 
a push rod is fitted to one end of a rocker arm having a 
valve abutment part abutting to an engine valve at the 
other end side and a link rnechaiiism is provided between is 
the other end of the push rod and a valve operating cam 
in order to continuously change the amount of lift of the 
engine valve is already known by Patent Document 1. 
[0003] However, in the valve operating mechanism 
disclosed in the aboveydescribed Patent Document 1 , it 20 
is necessary to ensure a comparatively large space to 
dispose a link mechanism and the push rod therein, be- 
tween the valve operating cam and the rocker arm, and 
therefore, the valve operating system becomes large in 
size. In addition, a driving force from the valve operating 2S 
cam is transmitted to the rocker amn via the link mecha- 
nism and the push rod, and ^erefore, it is difficult to 
sayfollpw-up ability of the rocker arm to the valve oper-. 
ating cam, namely, follow-up ability of opening and clos- 
irig operation of the engine valve is excellent. 30 
[0004] Thus, the applicant already proposes a valve 
operating system of the tntemal combustion engine in 
which one end portions of a first and secorid link arm are 
rotatably connected to a rocker arm, the other end portion 
of the first link arm is rotatably supported at an engine 35 
body, and the other end portion of the second link arm 
Is displaced by drive means in Patent Document 2. Ac- 
cording to the valve operating system, it is possible to 
make the valve operating system compact and it is also 
possible to ensure excellent follow-up ability to the valve 
operating cam by directly transmitting the powerf rom the 
valve operating cam to the rocker arm. 

Patent Document 1 

Japanese Patent Application Laid-open No. 8-74534 45 
Patent Document 2 

Japariese Patent Application . . Laid-open No. 
2004-36660 

DISCLOSURE OF THE INVENTION so 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0005] Incidentally, in the valve operating system of 
the above-described Patent Document 2, a crank mem- ss 
ber includes a pair of crank webs which sandwich the 
second link arm from opposite sides, and both the crank 
webs are connected by a movable support shaft which 



supports the other erid portion of the second link arm. 
Whereas assembly workability of the second link arm to 
the crank member is considered, it is necessary to form 
at least one of the crank webs and the movable support 
shaft td be separate members and couple the crank web, 
which is the separate member from the movable support 
shaft, to the other end of.the movable support shaft after 
mounting one end of the movable support shaft to the 
other crank member. 

[0006] Whereas in the variable valve device, since a 
torsion force acts on the movable support shaft by the 
driving torque applied to the crank web, sufficient torsion- 
al rigidity is required at a joining portion of the movable 
support shaft and the crank web. In order to enhance 
such torsional rigidity, it is cpiisidered to integrally form 
the movable support shaft and the crank web by forging 
or the like, but when the second link arm is to be assem- 
bled to the crank merhber with the movable support shaft 
and the crank web integrated, a connection hole provided 
in the second link arm to insert the movable support shaft 
therethrough has to be in the construction split in two 
halves as a large end portion of a connecting rod, and 
increase in the size of the secorid link arm cannot be 
avoided. Namely, it is extremely difficult to ensure tor- 
sional rigidity at the joining portion of themovable support 
shaft and the crank web while avoiding increase in size 
of the variable valve lift device and ensuring assembly 
workability of the second link anm to the crank member. 
[0007] The present invention is made in view of the 
above circumstances, and has its object to provide a var- 
iable valve lift device of an intemal combustion engine 
capable of ensuring torsional rigidity of a crank member 
while securing assembly workability of the second fink 
arm to the crank member and being made compact. 

MEANS FOR SOLVING THE PROBLEMS 

[0008] In orderto accomplish the above-described ob- 
ject, in accordance with a first aspect of the present in- 
vention, there is proposed a variable valve lift device 
characterized by including a rocker arm linked and con- 
nected to an engine valve having a cam abutment part 
abutting to a valve operating cam, a first link ami with 
one end portion rotatably connected to the rocker arm 
and the other end portion rotatably supported at a fixed 
position of an engine body via a fixed support shaft a 
second link anm with one end portion rotatably connected 
to the rocker arm, a movable support shaft which rotat- 
ably supports the other end portion of the second fink 
arm, a crank member connected to the movable support 
shaft allowing the movable support shaft to perform an- 
gular displacement around an axis parallel with its axis 
and rotatably supported at the engine body, and drive 
means connected to the crank member to make the mov- 
able supportshaft perform angular displacement, where- 
in the crank member is formed in a crank shape, having 
crank webs sandwiching the second link ami from oppo- 
site sides, and a connecting part integrally joining both 



2 



1707765A1_I > 



3 



EP1 707 765 A1 



4 



the crank webs at a position where interference with the 
second link amn is avoided, and the movable support 
shaft is connected to the crank member to connect both 
the crank webs. 

[0009] In accordance with a second aspect of the 
present invention, in addition to the first aspect, there is 
provided a variable valve lift device of an intemal com- 
bustion engine, wherein a stopper pin parallel with an 
axis of rotation of the crank member is provided to pror 
trude at the crank web to restrain a rotation range of the 
crank member by engagement with the engine body side. 
[001 0] In accordance with a third aspect of the present 
invention, in addition to the first or second aspect, there 
is proposed a variable valve lift device of an intemal com- 
bustion engine, wherein the crank member is supported 
at the engine body at opposite sides of the rocker arm. 
[0011] In accordarice with a fourth aspect of the 
present invention, in addition to the first aspect, there is 
proposed a variable valve lift device of an intemal com- 
bustion engine, wherein the single crank member com- 
mon to a plurality of cylinders arranged in lirie Is support- 
ed at the engine body. 

[001 2] In accordance with a fifth aspect of the present 
invention, in addition to the first aspect, there is proposed 
a variable valve lift device of an intemal combustion en- 
gine, wherein the crank member has a Journal part per- 
pendicularly connecting to an outerface of the crankweb, 
and the journal part is rotatably supported between an 
upper holder fonning a part of a cam holder rotatably 
supporting a camshaft provided with the valve operating 
cam arid joined to the cylinder head of the engine body, 
and a lower holder joined to the upper holder from below. 
[001 3] In accordance with a sixth aspect of the present 
invention, In addrtion tothe fifth aspect, there Is proposed 
a variable valve lift device of an internal combustion en- 
gine, whereiin lower holder whbh is a separate body from 
the cylinder head is fastened to the upper holder 
[0014] In accordance with a seventh aspect of the 
present invention, in addition to the f ifth or sixth aspect, 
there is proposed a variable valve lift device of an intemal 
combustion engine, wherein a roller bearing capable of 
being split into halves is Interposed between the upper 
and lower holders and the journal part. 
[0015] In accordance with an eighth aspect of the 
present inventioni in addition to the fifth aspect, there is 
proposed a variable valve lift dievlce of an internal com- 
bustion engine, wherein a crank rnember support boss 
part protruded to the crank web side is fonned in the 
upper arid lower holders joined to each other, and the 
journal part penetrating through the crank member sup- 
port boss part is rotatably supported between the upper 
and lower holders. 

[001 6] In accordance with a ninth aspect of the present 
invention, in addition to the eighth aspect, there is pro- 
posed a variable valve lift device of an internal combus- 
tion engine, wherein a camshaft support boss part pro- 
truded to the rocker ami side is fonned in the upper holder 
and a cap joined to the upper holder from above, and the 



camshaft having the valve operating cam penetrates 
through the camshaft support boss part and is rotatably 
supported between the upper holder and the cap. 
[0017] In accordance with a tenth aspect of the present 

5 invention, in addition to the ninth aspect, there Is pro- 
posed a variable valve lift device, wherein a rib connect- 
ing the crank member support boss part and the camshaft 
support boss part is provided to protrude at the upper 
holder. ^ 

^0 [0018] In accordance with an eleventh aspect of the 
present invention, in addition to the first aspect, there lis 
proposed a variable valve lift device, wherein the crank 
mernber is disposed between the engine vah^e and a plug 
cylinder provided at a cylinder head so that an outerface 

15 of the connecting part is opposed to the plug cylinder, 
and a relief groove for avoiding interfererice with the plug 
cylinder is formed on the outerface of the connecting part 

EFFECT OF THE INVENtlON 

20 

[0019] In accordance with the first aspect of the inven- 
tion, it is possible to continuously change the amount of 
lift of the engine valve by driving the control shaft to make 
arigular displacement and continuously displacing the 

25 movable support shaft, and the one end portions of the 
first and second link amis are directly connected to the 
rocker arm to be rotatable, the valve operating system 
can be made compact by reducing the space in which 
both the link arms are disposed, and the power from the 

30 valve operating cam is directiy transmitted to the cam 
abutment part of the intake side rocker anm, therefore 
making it possible to ensure excellent follow-up ability to 
the valve operatingcam. In addition, since the crankwebs 
sandwiching the second link arm from opposite sides are 

35 integrally connected with the connecting part, the torsion 
strength burden of the movable support' shaft can be 
made small even if the torque required for rotating the 
crank member is large, and assembly is facilitated by 
making the movaible support shaft aseparate body from 

"to the crank member to be able to fomi the movable support 
shaft to be inserted by press-fitting or the like in the state 
in which the movable support shaft insertion parts of a 
pair of crank webs and the second link ami are aligned. 
Further, the connecting part of the crank member does 

45 not interferer with the second link arm, and therefore, the 
crank member and the second link ami. do not become 
large in size. 

[0020] In accordance with the second aspect of the 
invention, the structure to restrain the rotation range of 

50 the crank member can be constructed to be compact. 
[0021] In accordance with the third aspect of the in- 
vention, the crank member is supported at the engine 
body at.opposite sides of the rocker arm, and therefore, 
the support rigidity of the crank member Is enhanced by 

55 support at the opposite sides, thus making *rt possible to 
precisely perfomn variable lift amount control of the en- 
gine valve. 

[0022] In accordance with the fourth aspect of the in- 
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vention, the increase in the number of components Is 
avoided and the internal combustion engine can be made 
compact by using the single crank member common to 
a plurality of cylinders. 

[0023] I n accordancis with the fifth aspect of the Inven- s 
tion. assembly workability of the crank member to the 
engine body can be enhanced. 

[0024] In accordance with the sixth aspect of the in- 
vention, the degree of freedom of the design of the cyl- 
inder head in supporting the crank rriember can be in- io 
creased. 

[0025] In accordance with the seventh aspect of the 
invention, the assembly workability of the crank member 
can be enhanced while reducing the friction loss at the 
support part of the crank member. is 
[0026] In accordance with the eighth aspect of the in- 
vention, support rigidity of the crank member can be fur- 
ther enhanced. 

[0027] In accordance with the ninth aspect of the in- 
vention, support rigidity of the camshaft can be enhanced 20 
while suppressing the number of components for sup- - 
porting the camshaft to minimum. 
[0028] In accordance with the tenth aspect of the iri- 
vention, support rigidity of the crank member and the 
camshaft can be further enhanced. 2s 
[0029] In accordance with the eleventh aspect of the 
Invention, it is made possible to dispose the plug cylinder 
closer to the valve operating system side and to make 
the internal combustion engine compact. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] [FIG, 1 ] FIG. 1 1s a partially longitudinal section- 
al view of an internal combustion engine and a sectional 
view, taken along the line 1 to 1 in FIG. 2. 35 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0032] Hereinafter, an embodiment of the present in- 
vention will be explained based on one embodiment of 
the present invention shown in the attached drawings. 

Embodiment 1 

[0033] FIG. 1 to FIG. 10 show one embodiment of the 
present invention, 

[0034] First, in FIG. 1 , an engine body 11 of an Inline 
multi-cylinder intemal combustion engine E includes a 
cylinder block 13 provided with cylinder bores 12 ... In- 
side, a cylinder head 14 joined to a top face of the cylinder 
block 1 3 and a head cover 1 5 joined to a top face of the 
cylinder head 14. Pistons 1 6 ... are slidably fitted into the 
re^ective cylinder bores 12 and combustion cham- 
bers 1 7 ... to which top portions of the respective pistons 
-16 ... are. faced are fomned between the cylinder block 
13 and the cylinder head 14. 

[0035] The cylinder head 14 is provided with intake 
ports 18 ... and exhaust ports 19 ... communteable with 
the respective combustion chambers 17 .... Each of the 
Intake ports 18 ... is opened and closed by intake valves 
20 ... which are a pair of engine valves, and each exhaust 
port 1 9 is operied and closed by a pair of exhaust valves 



[FIG. 2] FIG. 2 is a sectional view taken along the 
line 2 to 2 in FIG. 1. . 
[FIG. 3] FIG. 3 is a sectional view taken along the 
lines to 3 in FIG. 2. ^ 
[FIG. 4] FIG. 4 is an enlarged view of an essential 
part in FIG. 1 . 

[FIG. 5] FIG. 5 is a bottom view of an intake side 
rocker arm seen in. the direction of the arrow 5 in 
FIG. 4. 45 
[FIG. 6] FIG. 6 is a sectional view taken along the 
line 6 to 6 in FIG. 4. 

[FIG. 7] FIG. 7 is a perspective view, of a variable lift 
mechanism. 

[FIG. 8] FIG. 8 is a sectional view taken along the so 
line 8 to 8 in FIG. 4. 

[FIG. 9] FIG. 9 is a view seen from the arrows of the 
line 9 to 9 in FIG. 2. 

[FIG. 10] FIG. 10 is a perspective view seen in the 
direction of the anrow 1 0 in FIG. 9. 55 
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21 .... A valve spring 23 which biases each of the intake 
valves 20 ... in la valve closing direction is provided be- 
tween a spring sheet 22 provided at an upper end portion 
of a stem 20a included by the Intalce valve 20 and the 
cylinder head 14. A valve spring 25 which biases each 
of the exhaust valves 21 ... in the valve closing direction 
is provided between a spring sheet 24. provided at an 
upper end portion of a stem 21a included by the exhaust 
valve 21 and the cylinder head 14. 
[0036] An intake, side valve operating system 28 for 
driving each of the intake valves 20 ... to open and close 
each intake vajve 20 is constructed in accordance with 
the present invention, and includes an intake side cam- 
shaft 30 haying an intake side valve operating cam 2i9 
for each cylinder, and an intake side rocker amn 31 which 
is driven by the intake side valve operating cam 29 to 
swing and commonly finked and connected to a pair of 
intake valves 20 ... for each cylinder, and a variable valve 
lift device 32 for each cylinder, and an exhaust side valve 
operating system 33 for driving the exhaust valves 21 ... 
to open and close includes an exhaust side camshaft 35 
having an exhaust side valve operating cam 34 for each 
cylinder, and an exhaust side rocker ami 36 whfeh is 
driven by the exhaust side valve operating cam 34 to 
swing and commonly linked and connected to a pair of 
exhaust vialves 21 ... for each cylinder. 
[0037] With reference to FIG. 2 and FIG. 3 in combi- 
nation, upper holders 38 ... are fastened to the cylinder 
head 1 4 so as to be disposed at opposite sides of each 
cylinder. Caps 39 ... and 40 ... which cooperate to con- 
struct intake side cam holders 41 ... and exhaust side 
cam holders 42 ... are fastened to the respective upper 
holders 38 ..v from above. Thus, the intake side camshaft 
30 is rotatably supported between the upper holders 
38 ... and the cap 39 constituting the intake side cam 
holders 41 .... and the exhaust side camshaft 35 is rotat- 
ably supported between the upper holders 38 ... and the 
caps 40 ... which cooperate to construct the exhaust side 
cam holders 42 .... 

[0038] One end portion of tiie exhaust side rocker arm 
36 is swingably supported by an exhaust sWe rocker shaft 
43 having a parallel axis line with the exhaust side cam- 
shaft 35 and supported by the upper holder 38, and a 
pair of tappet screws 44 and 44 which abut to upper ends 
of the stems 21a ... in a pair of exhaust valves 21 ... are 
screwed into the other end portion of the exhaust side 
rocker arm 36 with their advance and retreat position 
adjustable. A shaft 45 which is parallel with the exhaust 
side rockershaft 43 is provided in an irrtemnediate portion 
of the exhaust side rocker ami 36, and a roller 47 in rolling 
contact with the exhaust side valve operating cam 34 is 
pivotally supported by the exhaust side rocker amri 36 
with a roller bearing 46 interposed between the shaft 45 
and the roller 47. 

[0039] Such exhaust side valve operating system 33 
is placed at the cylinder head 1 4 so that the swing support 
part of the exhaust side rocker ami 36, namely, the ex- 
haust side rocker shaft 43 is disposed outside from the 



linking and connecting part of the exhaust side rocker 
ami 36 to the exhaust valves 21 namely, the tappet 
screws 44.... 

[0040] In FIG. 4 and FIG. 5, a valve connecting portion 
5 31a into which tappet screws 49 and 49 abutting to upper 
ends of the stems 20a ... in a pair of intake valves 20 ... 
from above are screwed with their advance and retreat 
positions adjustable is provided at one end portion of the 
intake side rocker arm 31 . A first support part 31 b and a 
10 second support part 31c disposed underthe first support 
part 31 b are provided at the other e!nd portion of the intake 
side rocker ami 3 1 to connect to each other, and the first 
and second support parts 31 b and 31c are each formed 
into a substantially U-shape opened to an opposite side 
15 from the intake. valves 20 .... 

[0041] A roller 50 as a cam abutting part which is in 
rolling contact with the intake side valve operating earn 
29 of the intake side camshaft 30 is pivotally supported 
at ttie first support part 31 b of the intake side rocker ami 
^ 31 via a first connecting shaft 51 and a roller bearing 52. 
and the roller 50 is disposed to be caught In the first sup- 
port part 31b which is in the substantially U-shape. 
[0042] Referring also to RG. 6, tiie intake side rocker 
ami 31 is fomned by die fomiing by forgiog of light alloy, 
25 or the like. For example, a substantially triangular light- 
ening part 53 is fomned in a central part of the top face 
in the valve connecting part 31a, and a pair of lightening 
parts 54 and 54 are formed in opposite skJes of a bottom 
face of the valve connecting part 31 ia, whteh is the face 
30 at the opposite side from the top face to be disposed to 
altemate with the lightening part 53. 
[0043] Incidentally, the lightening parts 53, 54 and 54 
are formed at the same time as the die fomiing of the 
Intake side rocker ami 31 , and while the draft angle of 
35 the upper lightening part 53 is in the direction to widen 
an opening area of the lightening part 53 toward the top 
face of the valve connecting part 31 a, draft angles of the 
lower lightening parts 54 and 54 are in the direction to 
wideh opening areas of the lightening parts 54 and 54 
40 toward, the bottom face of the valve connecting part 31 a. 
Therefore, the inclination direction of the inner face of 
the lightening part 53 and the inclination directions of the 
innerfaces of the lightening parts 54 and 54 are the same, 
arid thicknesses of the wall parts 31 d and 31 d fomied 
between the lightening parts 53 and 54; and 53 and 54 
adjacent to each other are substantially uniform. 
[0044] Referring also to FIG. 7 and FIG. 8, the variable 
valve lift device 32 includes a first link ami 58 with one 
end portion rotatably connected to the first support part 
50 31b of the intake side rocker ami 31 and the other end 
portion rotatably supported at a fixed position of the en- 
gine body 1 1 via an intake side rocker shaft 57 as a fixed 
support shaft, a second link arm 59 with one end portion 
rotatably connected to the second support part 31c of 
55 the intake side rocker arm 31, a movable support shaft 
60 rotatably supporting the other end portion of the sec- 
ond link arm 59. a crank member 61 connected to the 
movable support shaft 60 wrtii the movable support shaft 
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60 capable of being allowed to make angular displace- 
ment around an axis parallel with the axis of the movable 
support shaft 60, and an actuator motor 62 as drive 
means, which is connected to the crank member 61 to 
allow the movable support shaft 60 to make angular dis- s 
placement. 

[0045] One end portk>n of the first link arm 58 is fornied 
into a substantially U -shape to catch the first support part 
31 b of the intake side rocker arm 31 from opposite sides, 
and is rotatably conniected to the first support part 31b 
via the first connecting shaft 51 which pivotally supports 
the roller 60 at the intake side rocker arm 31 . The intake 
side rocker shaft 57, which rotatably supports the other 
end portion of the first link anm 58, is supported by the 
upper holders 38 ... fastened to the cylinder head 14. 
[0046] One end portion of the second link anm 59 dis- 
posed underthe first link amri 58 is disposed to be caught 
by the second support part 31c of the intake side rocker 
ami 31 , and is rotatably connected to the second support 
part 31c via a second connecting shaft 63. 
[0047] Support bosses 64 and 64 are integrally provid- 
ed to protrude at the upper holders 38 and 38 at opposite 
sides of the other end portion of the first link arm 58 so 
as to support the-intake side rocker shaft 57, and with 
these support bosses 64 movement of the other end 
portion of the first link arm 58 in the direction along the 
axis of the intake side rocker shaft 57 at the other end 
portion of the first link arm 58 is restrained. . 
[0048] Incidentally, both the intake valves 20 ... are bi- 
ased in the valve closing direction by the vah^e springs 30 
23 and the roller 50 of the intake side rocker arm 31 
is in contact with the Intake side valve operating cam 29 
by the work of the valve springs 23 ... when both the 
intake valves 20 ... biased by spring in the valve closing 
direction is driven to the valve opening direction by the 35 
intake side rocker amn 31. In the valve closed state of 
the intake valves 20 .... the spring force of the valve 
springs 23 ... does not act on the intake side rocker amn 
31, the roller 50 separates from the Intake side valve 
operating cam 29, and there is the possibility that the "^o 
control precision of the amount of valve lift when the in- 
take valves 20 ... are slightly opened is reduced. There- 
fore, the intake side rocker arm 31 is biased in the direc- 
tion to make the roller 50 abut to the intake side valve 
operating cam 29 by rocker arm biasing springs 65 ... 
separate from the valve springs 23 ... . 
[0049] The rocker arm biasing springs 65 ... are coil- 
shaped torsion springs which surround the support boss- 
es 64 and are provided between the engine body 1 1 
and the intake side rocker arm 31 . Namely, one ends of so 
the rocker arm biasing springs 65 ... are engaged in the 
support bosses and the other ends of the rocker arm 
biasing springs 65 ... are inserted and engaged in the 
first connecting shaft. 51 which is hollow and operated 
integrally with the intake side rocker ami 31 . 55 
[0050] The other end portion of the first link arm 58 is 
fomried into a cylindrical shape so that an outer circum- 
ference is disposed at an inner side in the side view f roni 



an outer periphery of the rocker arm biasing springs 65 ... 
which are wound in a poll shape, and a plurality of, for 
example, pairs of protruding parts 66 and 67 which inhibit 
the rocker arm biasing springs 65 ... from falling to the 
first link ami 58 side are respectively provided to protrude, 
spaced In the circumferential direction at opposite ends 
in the axial direction at the other end portion of the first 
link arm 58. Accordingly, the fall of the rocker arm biasing 
springs 65 ... is prevented while avoiding increase in size . 
of the otherend portion of thefirst link arm58, and support 
rigidity of the otherend portion of the first link amri 58 can 
be enhanced. 

[0051] The protruded parts 66 and 67 are disposed to 
avoid the operation range of the second fink arm 59, and 
therefore, the operation range of the second link arm 59 
can be sufficiently secured irrespective of the protruded 
parts 66and67 ... being provided at the other end portion 
of the first link ami 58. 

[0052] Oil jets 68 .... whk:h supply oil to the upper por- 
tion of the other end side of the Intake side rocker arm 
31 , are attached to caps 39 ... in the intake cam holders . 
41 ... provided at the engine body 11, 
[0053] Incidentally, a passage 69 which guides oil from 
an oil pump not shown is provided at onie of a plurality of 
upper holders 38.... Arc-shaped recessed parts 70 ... are 
provided at the upper portion of each of the upper holders 
38 ... to oppose to the lower half part of the intake side 
camshaft 30, and the passage 69 communicates with 
one of the recessed parts 70 .... An oil passage 71 is 
coaxlaliy provided in the intake side camshaft 30, and, 
at the portions corresponding to the respective intake 
side cam holders 41 the intake side camshaft 30 is 
provided with communication holes 72 ... of which Inner 
erids are allowed to communicate with the oil passage 
71 are provided so that the outer ends of the communi- 
cation holes 72 ... open to the outer surface of the intake 
side camshaft 30. Lubricating oil is supplied between the 
respective intake side cam holders 41 and the Intake 
side camshaft 30 via the communication holes 72 .... 
[0054] On the bottom surfaces of thecaps 39 ... , which 
constructthe intake side cam holders 41 with the upper 
holder5.38 .... recessed parts 73 ...,whk:h form passages 
leading to the recessed parts 70 ... in a space from upper 
surfaces of the upper holders 38 are provkJed, and 
the oil jets ... 68 are mounted to the caps 39 ... so as to 
communicate with the recessed parts 73 ... and link to 
passages 74 ... which are provided in the caps 39 .... 
[0055] The oil jets 68 ... are mounted to the caps 39 ... 
of the intake cam holders 46 ... provided at the engine 
body 1 1 to rotatably support the intake side camshaft 30 
as above, and a sufficient amount of oil at sufficiently 
high pressure can be supplied from the oil jets 68 ... by 
utilizing oil passage for lubricating spaces between the 
intake side camshaft 30 and the intake side cam holders 
41 .... 

[0056] Since oil is supplied from the oil jet 68 toward 
the upper first connecting shaft 51 of the first and second 
connecting shafts 51 and 63 whrch connect one end por- 
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tions of the first and the second link amis 58 and 59 to 
• the intake side rocker ami 31 . the oil whk:h lubricates a 
space between the. first link arm 58 and the intake side 
rockerarmai flows down to the lowersecond link arm 59. 
[0057] OH Introduction holes 75 and 76 with parts of 5 
the movable support shaft 60 and the second connecting 
shaft 63 faced to intennediate portions are provided in 
the second link ami 59 In a perpendicular direction to a 
straight line which connects axes of the movable support 
shaft 60 and the second connecting shaft 63, and one io 
end of each of the oil introduction holes 75 and 76 is 
opened to the first connecting shaft 51 side. Accordingly, 
the oil which flows downward from the first link ami 58 Is 
effectively guided between the second link arnri 59, and 
the movable support shaft 60 and the second connecting is 
shaft 63, and connecting parts of the intake side rocker 
anm 31 and the first and second link arms 58 and 59, and 
a space between the second link arm 59 and the movable 
support shaft 60 are lubricated, thus making ft possible 
to ensure smooth valve operating, action. 20 
[0058] The crank member 61 Is a single member which . 
is supported at the engine body 1 1 for common use in a 
plurality of cylinders arranged in line, and is constructed 
into a crank shape having crank webs 61a and 61a dis- 
posed at opposite sides of the Intake skie rocker arm 31 , 
journal parts 61 b and 61 b which perpendicularly link with 
outer surfaces of base end parts of both the crank webs 
61a'.and 61a.and are rotatably supported by the engine 
body 1 1 , and a connecting part 61c which integrally con- 
nects both the crank webs 61a and 61a at a position 
where interference with the second link anm 59 is avoided 
for each cylinder. The movable support shaft 60 is con- 
nected to the crank member 61 so as to connect the both 
crank webs 61 a and 61 a. 

[0059] The respective journal parts 61 b ... of the.crank 
member 61 are rotatably supported between the upper 
holders 38 ... connected to the cylinder head 14 of the 
engine body 11, and lower holders 77 ... connected to 
the upper holder 38 from below. The lower holders 77 ... 
are fomied to be separate from the cylinder head 14 to 
be fastened to the upper holders 38 ... , and recessed 
parts 78 ... in which the lower holders 77 ... are disposed 
are provided on the top face of the cylinder head 14. 
[0060] Roller bearings 79 ... are inteiposed between 
the upper and lower holders 38 ... and 77 .... and the 
journal parts 61b .... and the roller bearings 79 ... are ca- 
pable of being split in halves to be interposed between 
the journal parts 61b ... of the crank member 61 , which 
has a plurality of webs 61a, 61a ... and connecting parts 
61c ... and is for common use in a plurality of cylinders, 
and the upper and lower holders 38 ... and 77 .... 
[0061] Crank membersupport bosses 80 ... which pro- 
trude to crank webs 61a ... of the crank member 61 are 
formed in the upper and lower holders 38 ... and 77 ... to 
allow the journal part 61b to penetrate therethrough. 
Camshaft support ^ss parts 81 ... through which the in- 
take side camshaft 30 is penetrated through are fomried 
In the upper holders 38 ... and the caps 39 ... joined to 



each other to collaborate to construct the intake side cam 
holders 41 ... to protrude toward the intake side rocker 
anms 31 and ribs 82 ... which connect the crank mem^ 
. ber support boss parts 80 ... and the camshaft support 
boss parts 81 ... are Integrally provided In the upper hold- 
ers 38.... 

[0062] Passages 83 ... which guide, oil to the roller 
bearings 79 ... side are provided inside the ribs 82 ... to 
communicate with the recessed parts 70 ... of the top 
faces of the upper holders 38 .... 
[0083] While the exhaust side valve operating system 
33 is placed at the cylinder head 14 so that the swing 
support part of the exhaust side rocker arm 36 is disposed 
outside from the linking and connecting part of the ex- 
haust side rocker arm 36 to the exhaust valves 21 .... the 
intake side vah/e operating system 28 is placed at the 
cylinder head 14 so that the intake side rocker shaft 57 
and the movable support shafts 60 ... are placed inside 
from the linking and connecting parts of the intake side 
rocker amis 31 ... to the intake valves 20.... 
[0064] A plug cylinder 87, into which an ignition plug 
86 mounted to the cylinder head 1 4 to face the combus- 
tion chamber 1 7 is inserted, is mounted to the cylinder 
head 1 4 between the intake side and exhaust side valve 
operating systems 28 and 33, and the plug cylinder 87 
is disposed to tilt closer to the exhaust side valve oper- 
ating system 33 toward the above. 
[0065] Thus, the crank member 61 in the intake side 
valve operating system 28 is disposed between the in- 
30 take valves 20... and the plug cylinders 87 ... so that the 
outer faces of the connecting parts 61c ... are opposed 
to the plug cylinders 87..., and relief grooves 88 ... to 
avoid Interference with the plug cylinders 87 ... are 
fomried on the outer faces of the connecting parts 61c.... 
^ [0066] When the intake valves 20 ... are in the valve 
closed state, the second connecting shaft 63, which con- 
nects the second link amn 59 to the intake side rocker 
arm 31, is on the same axis as the joumal parts 61b ... 
of the crank member 61 , and when the crank member 
^0 61 swings around the axes of the joumal parts 61b 
the movable support shaft 60 moves on the arc with the 
axis of the journal parts 61b... as the center. 
[0067] In the crank member 61, a stopper pin 105, 
which is parallel with the axis of rotatiori of the crank 
45 member 61 , namely, the axis of the journal part 61 b, is 
provided to protmde at the crank web 61 a at one end 
side, which is.along the cylihder arrangement direction, 
for example, and a restraint hole 1 06 Into whbh a tip end 
of the stopper pin 105 is inserted is formed into an arc 
50 shape with the axis of the joumal part 61b as the center 
In the jnner face of the side wall of the head cover 15 in 
the engine body 1 1 . as shown in FIG. 7. Thus, the rotation 
range of the crank meinber 61 is restrained to the range 
in which the stopper pin 105 can move in the restraint 
55 hole 106. Namely, the stopper pin 105 parallel with the 
rotation axis of the crank member 61 is provided to pro- 
tmde at the crank web 61 a to restrain the rotation range 
of the crank member 61 by engagement with the engine 
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body 1 1 side. 

[0068] In FIG. 9 and FIG. 10, one of the journal parts 
61b... which the crank member 61 includes prdtmdes 
from a support hole 89 provided at the head cover 15, a 
control arm 91 is fixed to a tip end of the Joumal part 61 b, 
and the control arm 91 is driven by the actuator motor 62 
mounted to an outer wall of the cylinder head 1 4. Namely, 
a nut member 93 is meshed with a screw shaft 92 which 
is rotated by the actuator motor 62, and one end of a 
connecting link 95 with' the other end pivotally supported' 
at the nut member 93 with a pin 94 is connected to the 
control arm 91 via pins 96 and 96. Accordingly, when the 
actuator motor 62 Is operated, the nut member 93 moves 
along the rotating screw shaft 92, and the crank member 
61 swings around the joumal parts 61b ... by the control 
ami 91 connected to the nut member 93 via the connect- 
ing link 95. whereby the movable support shaft 60 is dis- 
placed, 

[0069] A rotational angle sensor 97 such as. for exam- 
pie, an encoder is provided at an outer wall face of the 
head cover 1 5. and one end of a sensor amn 98 is fixed 
to a tip end of a sensor shaft 97a A guide groove 99 
linearly extending along a longitudinal direction of the 
control ami 91 is fomied in the control arm 91, and a 
connecting shaft 100 provided at the other end of the 
sensor arm 98 is slidably fitted in the guide groove 99. 
[0070] The screw shaft 92, the nut member 93, the pin 
94, the connecting link 95, the pins 96 and 96, the control 
arm 91. the rotational angle sensor 97. the sensor ami 
98 and the connecting shaft 100 are housed In a case 
1 01 which is niounted to side faces of the cylinder head 
14 and the head cover 15 with bolts 102 and a cover 
103 which covers an open end face of the case 101 is 
mounted to the case 1 01 with the screw members 1 04.... 
[0071] In the variable valve lift device 32, when the 
control arm 91 rotates in the counterclockwise direction 
from the position shown in FIG. 9 with the actuator motor 
62. the crank meniber 61 connected to the control ami 
91 also rotates in the counterclockwise direction, and the 
movable support shaft 60 lowers. When the roller 50 is 
pressed with the Intake side valve operating cam 29 of 
the intake side camshaft 30 in this state, a quadric link 
connecting the intake side rocker shaft 57, the first con- 
necting shaft 51 , the second connecting shaft 63 and the 
movable support shaft 60 is deformed and the intake side 
rocker arm 31 swings downward. The tappet screws 49 
and 49 press the stems 20a ... of the intake valve 20, and 
the intake valves 20 ... are opened with low lift. 
[0072] When the control ami 91 rotates to the solid line 
position in FIG. 9 with the.actuator motor 62, the crank 
member 61 connected to the control ami 91 is rotated in 
the clockwise direction, and the movable support shaft 
60 rises. When the roller 50 is pressed with intake side 
valve operating cam 29 of the intake camshaft 30 in this 
state, the quadric link is defomried, the intake side rocker 
ann 31 swings downward, the tappet screws 49 and 49 
press the stem 20a of the intake valves 20 and the 
intake valves 20 ... open with high lift. 



[0073] Next, explaining the operation of this embodi- 
ment, in the variable valve Rft device 32 which continu- 
ously changes the valve opening lift amount of the intake 
valves 20 one end portions of the fist and second link 

s arms 58 and 59 are connected In parallel to the intake 
side rocker arm 31 having the valve connecting part 31 a 
linked and connected to a pair of intake valves 20 ... to 
be relatively rotatable. arid the other end portk>n of the 
first link ami 58 Is rotatably supported by the intake side 

10 rocker shaft 57 supported by the engine body 1 1 , while 
the other end portion of the second link arm 59 is rotatably 
supported by the displaceable movable support shaft 60. 
[0074] Accordingly, it is possible to change the amount 
of lift of the intake valves 20 ... by continuously displacing 

15 the movable support shaft 60, and it is possible to control 
the intake amount by making the throttle valve unneces- 
. sary. In addition, the one end portions of the first and 
second link arms 58 and 59 are directly connected to the 
intake side rocker arm 31 to be rotatable, thus making it 

^ possible to reduce the space where both the link arms 
58 and 59 are disposed to make the valve operating sys- 
tem confipact, and the power from the intake side valve 
operating cam 29 is directly transmitted to the roller 50 
of the intake side rocker ami 31 , thus making it possible 

^5 to ensure excellent follow-up abifity to the intake side 
valve operating cam 29. The posftions of the intake side 
rocker ami 31 , the first and second link amis 58 and 59' 
In the direction along the axis of the intake side cam shaft 

30 are disposed at substantially the same position, and 
30 therefore , the intake side valve operating system 28 in 

the direction along the axis of the intake side camshaft 

31 can be maide compact. 

[0075] The one end portion of the first link arm 58 Is 
rotatablly connected to the intake side rocker ami 31 via 

35 the first connecting shaft 51 , and the roller 50 is pivotally 
supported at the intake side rocker arin 31 via the first 
connecting shaft 51 . Therefore, rotatable connection of 
the one end portion of the first link arm 58 to the intake 
side rocker arm 31 , pivotal support of the roller 50 to the 
intake side rocker arm 31 are achieved by the common 
first connecting shaft 51 , whereby the number of compo- 
nents is reduced and the Intake side valve operating sys- 
tem 28 can be made more compact 
[0076] In the intake side valve operating system 28 

45 including the variable link mechanism 32 of the Intake 
side and exhaust side valve operating systems 28 and 
33, the intake side rocker shaft 57 and the movable sup- 
port shaft 60 are disposed inside from the linking and 
connecting part of the intake side rocker ami 31 to the 

50 intake valves 20 and the swing support part of the 
exhaust side rocker arm 36 included by the exhaust side 
valve operating system 33 is disposed outside from the 
linking and connecting part of the exhaust side rocker 
arm 36 and the exhaust valves 21 .... Therefore, even if 

55 an angle of nip a (see FIG. 1) of the intake valves 20 ... 
and the exhaust valves 21 ... is set to be small to obtain 
favorable combustion by making the combustion cham- 
ber 1 7 compact, mutual interference of the intake side 
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and exhaust side valve operating systems 28 and 33 can 
. be avoided while avoiding increase in size of the cylinder 
head 14. 

[00771 Theexhaustsidevalveoperatingsystem 33 in- 
cludes the exhaust side cam shaft 35 having the exhaust s 
side valve operating cam 34, and the exhaust side rocker 
ami 36 which is swingably supported at the engine body 
1 1 via the exhaust side rocker shaft 43 to swing by fol- 
lowing the exhaust side valve operating cam 34 and 
linked and connected to the exhaust valves 21 and 
the plug cylinder 68 disposed between the intake side 
and exhaust side vah/e operating systems 28 and 33 is 
mounted to the. cylinder head 14 by being tilted to be 
closer to the exhaust side valve operating system 33 to- 
ward the above. Therefore, the plug cylinder 68 is dis- is 
posed to avoid Interference of the intake side and exhaust 
side valve operating systenns 28 and 33, thus making it 
possible to contribute to making the entire head 1 4 more 
compact. 

[0078] Incidentally, the crank member 61 included by 20 
the variable link mechanism 32 of the intake side valve 
operating system 28 is constructed in the crank shape 
by having the crank webs 61 a and 61 a sandwiching the 
second link ami 59 from opposite side, and the connect- 
ing part 61c which integrally joins both the crank webs 25 
61a and 61a at the position where the Interference with 
the second link ami 59 is avoided, and the movaible sup- 
port. shaft 63 is connected to the crank member 61 to 
connect both the crank webs 61a and 61 a. Accordingly, 
rigidity of the crank member.61 which is driven to make 30 
angular displacement can be Increased, and even rf the 
torque required for rotation of the crank member 61 is 
large, the torsion strength burden of the movable support 
shaft 63 can be made small. The movable support shaft 
63 is majle the separate body frorri the crank member 35 
61 , and the movablesupportshaft 63 Is inserted by press- 
fitting or the like in the state in which the movable support 
shaft insertion parts of a pair of crank webs 61 a and 61 a 
and the second link arm 59 are aligned, thus facilitating 
assembly. In. addition, the connecting part 61c of the ^ 
. crank member 61 does not interfere with the second link 
amn 59, and therefore, the crank member 61 and the 
second Ijnk arm 59 do not increase in size. 
[0079] The stopper pin 105 parallel with the axis of 
rotation of the crank member 61 is provided to protrude 
at the crank web 61 a to restrain the rotation range of the 
crank member 61 by the engagement with the engine 
body 1 i side, and therefore, the structure to restrain the 
rotation range of the crank member61 can be construct- 
ed to be compact. The crank member 61 is connected so 
to the movable support shaft 60 allowing the movable 
support shaft 60 to perform angular displacement arou nd 
the axis whrch is parallel with its axis and is supported at 
the engine body 11 at the opposite sides of the intake 
side rocker ami 31 , and support rigidity of the crank mem- ss 
ber 61 is enhanced by supporting at the opposite sides, 
thus making It possible to precisely perform the variable 
lift amount control of the Intake valves 20 .... 



[0080] Since the single crank member 61 is supported 
at the engine body 11 to be common to a plurality of 
cylinders arranged in line, an increase In the number of 
components is avoided and the Internal combustlori en- 
gine E can be made compact. 

[0081] Thejournalportions61b ... ofthe crank member 
61 ai-e rotatabty supported between the upper holders 
38 ... joinisd to the cylinder head 14 of the engine body 
1 1 , and the lower holders 77 ... joined to the upper hold- 
ers 38 ... from below. Assembly workability of the crank 
member 61 to the engine body 1 1 can be enhanced, and 
the lower holders 77 ... which are separate bodies from 
the cylinder head 14 are fastened to the upper holders 
38 therefore, making it possible to Increase degree of 
freedom of the design of the cylinder head 14 in support- 
ing the crank member 61 . 

[0082] Since the roller bearings 79 which can be 
split in halves, are interposed between the upper and 
lower holders 38 ...and77....andthejoumalparts61b .... 
assemblywork^ility of the crank member 61 can be en- 
hanced while reducing the friction loss at the support part 
of the crank member 61 . 

[0083] The crank member support boss parts 80 ... 
which protrude to the crank webs 61a.... of the crank 
member 61 are fomied at the upper and lower holders 
38 ... and 77 ... joined to each other, and the journal parts 
61b ... penetrating through the crank member support 
boss parts 80 :.. are rotatably supported between the up- 
per and lower holders 38 ... and 77 therefore making 
ft possible to further enhance the support rigidity of the 
crank member 61 . 

[0084] The cam shaft support boss parts 81 ... which 
protrude toward the intake side rocker arm 31 are formed 
In the upper holders 38 :.. and the caps 39 joined to 
the upper holders 38 ... from above, and the intake side 
camshaft 30 penetrates through the camshaft support 
boss parts 81 ... and rotatably supported between the 
upper holders 38 ... and the caps 39 .... Therefore, the. 
support rigidity of the intake side camshaft 30 can be 
enhanced while restraining the numb6r of components 
for supporting the intake side camshaft 30 to the mini- 
mum. 

[0035] Sincis the ribs 82 ... connecting the crank mem- 
ber support boss parts 80 ... and the camshaft support 
boss parts 81 ... are provided to protrude at the upper 
holders 38 .... the support rigidity of the crank member 
61 and the Intake side camshaft 30 can be further en- 
hanced. 

[0086] Incidentally, the crank member 61 is disposed 
between the intake valves 20 ... and the plug cylinder 87 
provided at the cylinder head 1 4 so that the outer face 
of the connecting part 61 c Is opposed to the plug cylinder 
87, and the relief groove 88 for avoiding the interference 
with the plug cylinder 87 is formed on the outer face of 
the connecting part 61c, therefore making it possible to 
dispose the plug cylinder67closerto the intake side valve 
operating system 28, and make the Intemal combustion 
engine E compact. 
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[0087] In the intake side rocker arm 31 of the intake 
side valve operating system 28, the lightening parts 53, 
54 and 54 which alternate each other are fomied on the 
opposite faces from each other of the valve connecting 
parteia, and therefore, it is possible to reduce the weight 
of the intake side rocker anri 31. 

[0088} The lightening parts 53/ 54 and 54 are also 
formed at the time of die forming of the Intake side rocl^er 
ami 31 ; and since the draft angres of the lightening parts 
53 and 54; and 53 and 54 adjacent to each other are in 
the opposite directions from each other, the inner faces 
of the lightening parts 53 and 54; and 53 and 54 adjacent 
to each other tilt in the same direction. Accordingly, the 
thickness of the wall parts 31 d and 31 d which are fqnned 
between the lightening parts 53 and 54; and 53 and 54 
adjacent to each other at the intake side rocker arm 31 
is substantially uniform, and rigidity of the intake side 
rocker arm 31 can be kept by the wall parts 31 d and 31 d 
of the substantially unifonm thickness. 
[0089] Since the intake side Valve operating system 
28 includes the variable valve lift device 32 which makes . 
the amount of lift of the intake valves 20 ... continuously 
variable, |t is made possible to reduce the weight of the 
intake side valve operating system 28 by reducing the 
weight of the intake side rocker arm 31 and the limit ro- 
tational speed can be increased, even in the Intake side 
valve operating system 28 having the variable valve lift 
device 32 whrch tends to cause the increase in weight of 
the intake side valve operating system 28 with a com- 
paratively large number of components. 
[0090] Although embodlme.nts of the present invention 
are described above, the present invention is not limited 
to the above-described embodiments, and can be mod- 
ified in a variety of ways without departing from the scope 
and the spirit of the present invention described in the 
claims. 



Claims 

1 . A variable valve lift device of ah intemal combustion 
engine, comprising: a rocker arm (31 ) linked and 
connected to an engine valve (20) having a cam 
abutment part (50) abutting to a valve operating cam 
(29) ; a first link arm (58) with one end portion rotat- 
ably connected to the rocker arm (31 ) and the other 
end portion rotatably supported at a fixed position of 
an engine body ( 11 ) via a fixed support shaft (57); a 
second link arm (59) with one end portion rotatably 
connected to the rocker anm (31 ); a movable support 
shaft (60) which rotatably supports the otherend por- 
tion of the second link arm (59); a crank member (61 ). 
connected to the movable support shaft (60) allowing 
the movable support shaft (60) to perform angular 
displacement around an axis parallel with its axis 
and rotatably supported at the engine body (1 1 ); and 
drive means (62) connected to the crank memtjer 

. - (61 ) to make the movable support shaft (60) perform 



angular displacement, wherein the crank member 
(61 ) vs formed in a crank shape, having crank webs 
(61 a) sandwichirig the second link amn (59) from op- 
posite sides, and a connecting part (61c) integrally 
5 Joining both the crank webs (61 a) at a position where 
interference with the.second link arm (59) is avoided, 
and the movable support shaft (60) is connected to 
the crank member (61) to connect both the crank 
webs (61a). 

10 , 

2. The variable valve lift device of an intemal combus- 
tion engine according to ctainri 1, wherein a stopper 
pin (1 05) parallel with an axis of rotation of the cmnl( 
mernber (61 ) is provided to protrude at the crank web 

15 - (61 a) to restrain a rotation range of the crank member 
(61) by engagement with the engine body (1 1 ) side. 

3. The variable valve lift device of an intemal combus- 
tion engine according to claim 1 or 2, wherein the 

20 crank member (61 ) is supported at the engine t>ody 
( 1 1 ) at opposite sides of the rocker arm. (31 ). 

4. The variable vah/e lift device of an intemal combus- 
tion engine according to claim 1 , wherein the single 

25 crank member (61 ) common to a plurality of cylinders 
anranged in line is supported at the engine body (1 1 ). 

5. The variable vah/e lift device of an internal combus- 
tion engine according to claim 1 , wherein the crank 

30 member (61 ) has ajoumal part (61 b) perpendicularly 
connecting to an outer face of the crank web (61a), 
and the journal part (61 b) is rotatably supported be- 
tween an upper holder (38) forming a part of a cam 
holder (41 ) rotatably supporting a camshaft (30) pro- 

35 vided with the valve operating cam (29) and joined 
to the. cylinder head (14) of the engine body (11), 
and a lower holder (77) joined to the lipiper holder 
(38) from below. 

"fo 6. The variable valve lift device of an internal combus- 
tion engine according to claim 5, wherein the lower 
holder (77) which is a separate body from the cylinder 
head (1 4) is fastened to the upper holder (38). 

7. The variable valve lift device of an intemal combus- 
tion engine according to daim 5 or 6, wherein a roller 
bearing (79) capable of being split into halves is in- 
terposed between the upper and lower holders (38, 
77) and the journal part (61 b). 

6. The variable valve lift device of an intemal combus- 
tion engine according to claim 5, wherein a crank 
member support boss part (80) protruded to the 
crank web (61 a) side is formed in the upper and lower 
holders (38, 77) joined to each other, and the journal 
part (61b) penetrating through the crank member 
support boss part (80) is rotatably supported be- 
tween the upper and lower holders (38. 77). 
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9. The variable valve lift device pf an internal combus- 
tion engine aiocording to claim 8, wherein a camshaft 
support boss part (81) protruded to the rocker ami 
(31) side is fomned in the upper holder (38) and a 
cap (39) Joined to the upper holder (38) from above, s 
and the camshaft (30) having the valve operating 
cam (29) penetrates through the camshaft support 
boss part (81) and is rotatably supported between 
the upper holder (38) and the cap (39). 

10 

10. The variable valve lift device according to claim 9, 
wherein a rib (82) connecting the crank member sup- 
port boss part (80) and the camshaft support boss 
part (81 ) is provided to protrude at the upper holder 
(38). 15 

11. The variable valve lift device according to claim 1 , 
wherein the crank member (61 ) is disposed between 
the engine valve (20) and a plug cylinder (87) pro- 
vided at a cylinder head (14) so that an outer face 20 
of the connecting part (61c) Is opposed to the plug 
cylinder (87), and a relief groove (88) for avoiding 
interference with the plug cylinder (87) is formed on 

the outer face of the connecting part (61c). 

25 
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